In typical astrophysical environments, the abundance of heavy elements ranges from 0.001 to 2 times the solar value. Lower abundances have been seen in selected stars in the Milky Way's halo [1] [2] [3] and in two quasar absorption systems at redshift z 5 3 (ref. 4) . These are widely interpreted as relics from the early Universe, when all gas possessed a primordial chemistry. Before now there have been no direct abundance measurements from the first billion years after the Big Bang, when the earliest stars began synthesizing elements. Here we report observations of hydrogen and heavyelement absorption in a spectrum of a quasar at z 5 7.04, when the Universe was just 772 million years old (5.6 per cent of its present age). We detect a large column of neutral hydrogen but no corresponding metals (defined as elements heavier than helium), limiting the chemical abundance to less than 1/10,000 times the solar level if the gas is in a gravitationally bound protogalaxy, or to less than 1/1,000 times the solar value if it is diffuse and unbound. If the absorption is truly intergalactic 5, 6 , it would imply that the Universe was neither ionized by starlight nor chemically enriched in this neighbourhood at z < 7. If it is gravitationally bound, the inferred abundance is too low to promote efficient cooling 7, 8 , and the system would be a viable site to form the predicted but as yet unobserved massive population III stars.
We observed the recently discovered z 5 7.085 quasar ULAS J112010641 (ref. 6) in January 2012 with the FIRE infrared spectrometer 9 on the Magellan/Baade telescope. Our data provide a 12-fold increase in spectral resolution over the discovery spectrum at similar signal-to-noise ratio, enabling study of weak heavy-element absorption lines that are diluted by the instrumental profile at lower resolution.
Our spectrum ( Fig. 1 ) confirms the presence of unusually strong Lyman a (Lya) resonance absorption from neutral hydrogen (H I) in the immediate foreground of the quasar. This absorption is clearly visible in Fig. 1a , b as a contrast between the observed flux (black) and an intrinsic source spectrum model (red) at wavelengths l , 0.98 mm. However, the data also fall well below the source template at wavelengths redder than the Lya transition at the quasar's systemic redshift (l . 0.9829 mm). This has been interpreted 5,6 as a Lorentzian damping wing of the H I Lya line at a redshift very close to that of the quasar, indicating a high neutral-hydrogen column density 10 . Such absorption could be caused by a long column of low-density, intergalactic hydrogen with a high neutral fraction in the vicinity of the quasar. Or, it could arise in compact, high-density gas gravitationally bound to an early galaxy. Such proximate damped Lya (DLA) absorption systems have numerous analogues at lower redshift.
At z 5 5 and below, every known absorption system with sufficient neutral hydrogen to elicit damping wings also exhibits absorption from heavy-element lines [11] [12] [13] . However, we find no evidence of heavyelement absorption despite the sensitivity of the FIRE data, which is sufficient to detect metals (defined as elements heavier than helium) at abundance levels characteristic of lower-redshift DLAs. We do detect narrow metal absorption lines from highly ionized gas at the redshift of the quasar, manifested in C IV and N V. However these are offset from the damped H I absorption by Dv 5 1711 km s 21 (equivalent to 800 kpc in proper distance units if Dv is purely cosmological), and there is substantial flux transmission at the associated H I wavelength for these lines. The heavy-element lines are therefore most probably internal to the quasar host itself and not physically coincident with the neutral gas.
Quantitative chemical abundance estimates are usually impossible for z . 5.5 quasar absorbers because the benchmark neutral-hydrogen line is severely blended and saturated in the forest of neighbouring Lya systems. However the damping wing near the emission redshift of ULAS J1120 offers a unique opportunity to measure its H I column density. In conjunction with upper limits on the heavy-element column density, this yields a straightforward upper limit on the chemical abundance of metals.
The H I column density estimate is sensitive to the detailed shape of the damping profile, which is fitted to the ratio of emitted to observed flux (the ratio of the red to black lines in Fig. 1 ). 14, 16 shifted to a redshift of z templ 57.07. C IV absorption intrinsic to the quasar host galaxy is seen to the red of the labelled C IV emission peak. However, the C IV emission line is anomalously blueshifted 6 in ULAS J1120, so we compute the redshift distance between the absorber and quasar host using its Mg II critically on how the intrinsic (that is, unabsorbed) shape of the quasar's Lya emission line is modelled, including both its absolute flux density and its redshift, which fixes the location of the emission peak. The details of this procedure are described in Supplementary Information, but to summarize, we experimented with several different prescriptions, including four different quasar composite spectra generated from low-redshift surveys [14] [15] [16] [17] , and additionally a principalcomponent analysis fit 18 For any one continuum model, the formal fit error for log(N HI ) was of the order of 0.02-0.03 dex, but the true error is much more likely to be dominated by systematic uncertainty in the continuum. By experimenting with different choices of continuum and absorber redshift, we estimated the range of allowable log(N HI ) as 20.45-21.0, at a best-fit absorption redshift of z 5 7:041 z0:003 {0:008 (95% confidence). We estimated upper limits to the metal line column densities (Fig. 2) both by curve-of-growth analysis and by direct Voigt profile fitting ( Table 1 , see also Supplementary Information). For systems with log(N HI ) . 20.3, the transitions in Table 1 represent the predominant ionization states for their respective elements 19, 20 . The one exception to this is C IV, which is secondary to C II but which we include as an ionization constraint (discussed below). We therefore follow the usual practice for DLA systems and do not apply ionization corrections when estimating abundances 19, 20 .
Considering first the DLA scenario, our strongest abundance limit is derived from Si II, which yields a 1s (2s) upper bound of 1/20,000 (1/10,000) times the solar metallicity. With such unusual abundances, one must consider the possible effects of ionization, particularly given the proximity of the brightest known object in the z 5 7 Universe. However, prior studies of other proximate DLA systems indicate that ionization plays only a minor role and may be counterbalanced by a tendency for such systems to have higher than average metallicities 13, 21 . Additionally, our spectrum places strong constraints on the lack of ionized gas seen in C IV, which would yield a tenfold lower abundance limit than C II if it dominated the ionization balance (on account of its higher signal-to-noise ratio and larger atomic cross-section). This rules out an ionized phase as a major source of missing metals in this absorber.
The limits presented above assume that the absorbing gas resides in a compact structure that is well-represented by a discrete line or cloud, which is appropriate for DLAs at lower redshift. However at z 5 7 the absorption could also result from the integrated contribution of diffuse intergalactic gas if the neighbourhood of ULAS J1120 has not yet been ionized by starlight. Using Monte Carlo simulations of intergalactic H I and heavy-element absorption (described in Supplementary  Information) , we find that for physical conditions leading to an intergalactic damping wing our spectrum still restricts heavy element absorption to the ,10 23 times the solar level, even with no DLA.
These chemical abundance limits have significant implications for either of the two physical scenarios considered. If the diffuse absorption model is correct, then at z 5 7 the intergalactic medium must be both metal-poor and substantially neutral, even in the neighbourhood of a bright quasar. Such intergalactic material would not yet have mixed with the chemically polluted interstellar by-products of galaxies, so it should not be surprising for its heavy-element content to be small. At later epochs (z 5 2-4), heavy elements are actually observed in intergalactic space, with abundances distributed log-normally between 1/300 and 1/3,000 times solar 22, 23 . Our z 5 7 limit excludes the upper half of this distribution, but enrichment at the low end could elude detection in the FIRE data. Nevertheless, if this one object proves to be representative of the Universe at these epochs, it is plausible that z 5 7 pre-dates both the radiative feedback and the chemical feedback thought to be hallmarks of reionization. 
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Alternatively, the observed hydrogen may sample the interstellar medium of a very early proto-galaxy. In this case, our limit of ,10 24 times the solar abundance is an order of magnitude lower than any previously measured in a predominantly neutral gas reservoir (Fig. 3) . Comparably low heavy-element abundances have recently been reported in two Lyman limit systems at z < 3 (ref. 4 ), but the gas in those environments is at most 0.8% neutral 4 , and their total neutral hydrogen column is 2-3 orders of magnitude smaller. In contrast, the system producing the ULAS J1120 damping wing is at least 10% neutral and possibly much more so 5 . Figure 3 shows that metalpoor gas clouds represent a small percentage of all known systems at lower redshift 11, 12, 22 . At z 5 7, the first chemical abundance measured in any non-AGN (active galactic nucleus) environment would already be as pristine as the most metal-poor absorption systems at z 5 3 and below.
DLA gas is commonly said to be a fuel supply for star formation, but our limits on the abundance in this geometry are sufficiently low that normal gas cooling channels for population I and II star formation would be suppressed. Theoretical calculations suggest that below an abundance of [C/H] < 23.5 (see Table 1 footnote for a definition of this nomenclature), the normal fine-structure atomic cooling mechanisms lose their effectiveness, and the predominant mode of star formation occurs through molecular H 2 cooling, resulting in high-mass population III stars 7, 8 . Taken together with its high redshift, this fact renders the z 5 7.04 absorber in ULAS J1120 a viable site for population III star formation if the neutral gas is organized into a bound halo.
We warn that many more observations of z . 7 absorption systems will be required to establish whether the trends of large neutralhydrogen column and low metal content are representative of the overall Universe at this early epoch. Indeed, the existence of heavy elements in both emission and absorption in the background quasar host indicates that local enrichment is underway in some environments. However, the confluence of neutral gas and extremely low chemical abundance, taken together with the young age of the Universe (772 Myr) at this redshift, suggests that current observations may already be reaching the era corresponding to the onset of star formation and cosmic chemical enrichment. 24 . Quoted levels are 1s upper limits, with 2s limits shown in parentheses. If the absorption arises in unbound intergalactic gas rather than a collapsed DLA, we derive upper limits of [X/H] , 23.0 using simulated sensitivity calculations described in Supplementary Information.
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